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1
TRAPPING NANOSTRUCTURES

FIELD OF THE INVENTION

Embodiments of the present invention relate to trapping
nanostructures.

BACKGROUND TO THE INVENTION

Nanostructures are not naturally occurring, at least in large
concentrations.

There 1s an 1nterest 1n preventing human exposure to con-
centrations ol nanostructures, particular exposure of the
human respiratory system.

BRIEF DESCRIPTION OF VARIOUS
EMBODIMENTS OF THE INVENTION

According to various, but not necessarily all, embodiments
of the mvention there 1s provided

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of various examples of embodi-
ments of the present invention reference will now be made by
way of example only to the accompanying drawings in which:

FIG. 1 an example of a trap that uses a liquid trapping
material;

FI1G. 2 illustrates an example of a trap similar to that illus-
trated in FIG. 1 but which additionally comprises a disperser;

FIG. 3 schematically illustrates a nanostructure handling
system comprising, for example, a trap similar to that 1llus-
trated in FIG. 2; and

FI1G. 4 schematically illustrates a method of trapping nano-
structures.

DETAILED DESCRIPTION OF VARIOUS
EMBODIMENTS OF THE INVENTION

FIGS. 1, 2 and 3 schematically illustrates an example of a
trap 2 that comprises: an inlet 6 for receiving a fluid 12
conveying nanostructures 14; trapping material 10 for trap-
ping nanostructures 14; and an outlet 8 for the fluid.

The trapping material 10 traps nanostructures 14 that are
present in the received fluid 12, so that the fluid 16 at the outlet
8 has less nanostructures 14 than the recerved fluid 12.

The purpose of the mlet 6 1s to allow the fluid 12 conveying,
nanostructures to contact the trapping material 10 and the
purpose of the outlet 8 1s to allow the fluid 12 to move away
from the trapping material 10 so that more fluid 12 conveying
nanostructures can contact the trapping material 10. In some
embodiments the mnlet 6 and outlet 8 may be separate and 1n
other embodiments 1t may be possible for a single large or
small opening to operate as an 1nlet 6 and an outlet 8 e.g. at
different times.

Improved contact between the trapping material 10 and the
fluid 12 conveying nanostructures 14 may be achieved by
passing the fluid 12 through the trapping material 10. If the
trapping material 10 1s solid, 1t may be arranged 1n a cellular
or foam-like configuration so that the fluid 12 conveying
nanostructures 14 can pass through the trapping material 10
and contact a large surface area presented by the trapping
material 10. IT the trapping material 10 1s liquid and the fluid
12 conveying nanostructures 14 1s gas, then the tluid 12 can,
for example, be bubbled through the liquid trapping material
10.
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The operation of the trap 2 may be understood from FIG. 4
which schematically i1llustrates a method 40. In the illustrated
method, at block 42 a flmid 12 conveying nanostructures 14 1s
received at the trap 2. Then, at block 44, the recerved fluid 12
conveying nanostructures 14 1s passed through the trapping
material 10.

The incoming fluid 12 conveying nanostructures 14 passes
through the trapping material 10. The trapping material 10
traps at least some of the nanostructures and the outgoing
fluid 16 has less nanostructures 14 compared to the incoming

fluid 6.

Retferring to FIG. 1, there 1s illustrated one example of a
trap 2 that uses a liquid trapping material 10. The trap 2
comprises a container 4 having an inlet 6 and a separate outlet
8. The contamer 4 houses liquid trapping material 10 for
trapping nanostructures 14.

In the particular example trap illustrated in FIG. 1, the fluid
12 conveying nanostructures 14 1s the gas phase and the inlet
6 comprises a conduit that extends past the liquid trapping
material surface into the liquid, whereas the outlet 8 extends
only into a void above the liquid surface and does not extend
into the liquid trapping material 10. In thus example, the
container 4 1s hermetically sealed except for the inlet 6 and the
outlet 8. The pressure differential between the incoming fluid
12 and the outgoing fluid 16 results 1n the incoming fluid 12
being drawn through the liguid trapping material 10. This
configuration 1s known as a *bubble trap’ as the incoming fluid
12 bubbles through the liquid trapping material 10.

However, 1n general, the fluid 12 may be a liquid, gas, gel
or any combination. It may comprise solid structures 1n addi-
tion to nanostructures 14.

The nanostructures 14 are nano-scaled material structures
that have at least one dimension that 1s less than 1 um.

In some embodiments, the nanostructures 14 may be elon-
gate nanostructures having at least one dimension less than 1
um and another dimension greater than 10 um.

In some embodiments, the nanostructures 14 may be haz-
ardous fibres, where a hazardous fiber 1s defined as a structure
that 1s thinner than 3 um, longer than 20 um and biopersistent
in the lungs of a human (not dissolving or breaking down).

In some embodiments, the nanostructures 14 may include
nanotubes (single-walled or multi-walled) and/or nanohorns.

The nanostructures 14 may be formed from inorganic
material (not including carbon) or organic material (including
carbon).

An organic nanostructure 14 may be formed from
graphene. For example, an organic nanostructure 14 may be,
for example, fullerene, a carbon nanotube or a carbon nano-
horn.

An mnorganic nanostructure 14 may be formed from ZnO or
T102 for example. An inorganic nanostructure 14 may be, for
example, a nanotube.

The nanostructures 14 may comprise particular electron
orbital configurations that provide polarity. For example, the
nanostructures 14 may comprises pairs of adjacent spn
(0=n=3) hybnidized electron orbitals that conjugate to form a
1t electron system. This may arise in the carbon to carbon
‘double’ bonds (sp2) of graphene, for example.

The trapping material 10 may be solid or a liquid. One
suitable liquid 1s an 1onic liquid. An 1onic liquid 1s a molten
ionic salt that 1s, at the temperature of use it 1s 1n a molten/
liquid state. This does not imply that its state has necessarily
been changed to the molten state. Temperatures of use may,
for example, be room temperature or above room temperature
or below room temperature. For example, the temperature of
use may be as low as or lower than the boiling point of liquid
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Nitrogen (77 K; =196° C.) or as high as the temperature of
exhaust from an incinerator e.g. 500° C. or any intermediate
temperature.

The 1onic liquid may be a room temperature 1onic hiquid
(RTIL) which 1s an 1onic liquid that 1s liquid at room tempera-
ture (293 K). Thus a room temperature 1ionic liquid (RTIL) 1s
an 1onic salt that 1s molten/liquid at room temperature.

Ionic salts are by definition strongly polar. The electron
aifinity of the anion compared to the cation results in 10n
formation.

An 10n1c liguid typically comprises small anions and bulky
asymmetric organic cations. The cations comprise a plurality
of paired adjacent spn (0O=n=3) electron orbitals that form a
conjugated m electron system. The 1onic liquid may be aro-
matic having a plurality of delocalized conjugated m electron
systems.

The cation may, for example, be selected from one or more
of: mmdazolium, pyridimum, pyrndazinium, pyrazinium,
oxazolium, triazolium, pyrazolium, pyrrolidinium, piperi-
dinium, tetraalkylammonium or tetraalkylphosphonium.

The anion may, for example, be selected form one or more
of: a chloride, a bromide, and 10dide, a boron fluoride, a
phosphorous fluoride, a nitrate, a sulphate, a hydrogen sul-
phate, a hydrogen carbonate, an aryl sulphonate, an alkyl
sulphonate, a monofluoro alkyl sulphonate, a difluoroalkyl
sulphonate, a carboxylate, a fluorinated carboxylate, [PF ],
[AsF.]~, and [SbF,]".

Thus one example of a RTIL 1s 1-butyl-3-methyl-imidazo-
llum hexafluorophosphate [BMIM]. This 1onic compound
has a cation comprising Imidazole. Imidazole 1s a planar ring
of C;H,N,, which 1s a highly polar compound (dipole of over
1 debye). The ring 1s aromatic as 1t has a delocalized conju-
gated m electron system.

The polar nanostructures 14 present 1n the fluid 12 and the
highly polar trapping material 10 interact and Van der Waals
bonds are formed been the nanostructures 14 and the trapping,
material 10 via ;- electron system interaction. These bonds
are suificient to trap the nanostructures 14 within the trapping
material 10.

If an 10n1c liquid 1s used as the trapping material 10 1t may
become a gel as 1t traps nanostructures. This improves ease of
handling. Some 10nic liquids are capable to trapping 5 wt % of
nanostructures.

FIG. 2 1llustrates an example of a trap 2 similar to that
illustrated 1n FIG. 1 but which additionally comprises a dis-
perser 20. The disperser 20 1s configured to disperse the
nanostructures within the trapping material 10. The disperser
may, additionally, help untangle the nanostructures 14 should
they become tangled.

The disperser 20 may be a mechanical, a chemical dis-
perser or a thermodynamic disperser.

An example of a thermodynamic disperser 1s a heater. An
example of a chemical disperser 1s a dispersing agent or a
dispersing additive. A mechanical disperser may be a stirrer
or a mixer or a source of ultrasound, for example. Ultrasound
provides for contactless dispersion.

The disperser 20 may be continuously operated while the
fluid 12 1s provided by the mlet 6.

FIG. 3 schematically 1illustrates a nanostructure handling
system 30. It comprises a trap 2 similar to that illustrated 1n
FIG. 2.

The system 30 additionally comprises a source 32 which
provides the fluid 12 conveying nanostructures 14 to the trap
2 and an optional sink 38 to which the fluid 1s provided by the
trap 2.

The source 32 may be, for example, a product manufactur-
ing apparatus or system used to manufacture a product or
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4

products comprising nanostructures 14. An atmosphere
within the product manufacturing apparatus or system 32
may become contaminated with nanostructures 14 and the
trap 2 1s used to decontaminate the atmosphere. As an
example, a high pressure may be generated in the manufac-
turing apparatus or system 32 that pushes the atmosphere
comprising nanostructures 14 through the inlet 6 as fluid 12.
Alternatively, a low pressure may be generated 1n the sink 38
which draws the atmosphere comprising nanostructures 14
through the inlet 6 as fluid 12. The atmosphere may then
optionally be recycled from the sink 38 to the source 32 viaa
recycle line 39, as shown 1n FIG. 3.

The source 32 may be, for example, a nanostructure manu-
facturing apparatus or system used to manufacture nanostruc-
tures. The nanostructures may be generated using any suit-
able process. The manufactured nanostructures are typically
generated with an atmosphere and the trap 2 1s used to remove
the nanostructures from the atmosphere. For example, a high
pressure may be generated 1n the nanostructure manufactur-
ing apparatus or system 32 that pushes the atmosphere com-
prising nanostructures through the inlet 6 as fluid 12. Alter-
natively, alow pressure may be generated 1n the sink 38 which
draws the atmosphere comprising nanostructures 14 through
the inlet 6 as tluid 12. The atmosphere may then optionally be
recycled from the sink 38 to the source 32. In this embodi-
ment, the nanostructures 14 are stored within the trapping
material 10. The nanostructures 14 may therefore be stored
and transported by storing and transporting the trapping
material 10 comprising the nanostructures 14. The Fig illus-
trates a tap 36 that 1s positioned at the base of the container 4
for removing the trapping material 10 comprising nanostruc-
tures 14. The nanostructures 14 may later be recovered from
the trapping material 10 by, for example, removing 10nic
liquid using acetone or by absorbing the 10nic liquid by cap-
illary action into a filter.

The source 32 may be, for example, a combustion chamber
used to combust material. The nanostructures 14 may be
generated as a by-product of the combustion process. The
nanostructures 14 are typically generated within an atmo-
sphere and the trap 2 1s used to remove the nanostructures 14
from the atmosphere. For example, a high pressure may be
generated in the nanostructure manufacturing apparatus or
system 32 that pushes the atmosphere comprising nanostruc-
tures 14 through the inlet 6 as flmd 12. Alternatively, a low
pressure may be generated in the sink 38 which draws the
atmosphere comprising nanostructures 14 through the inlet 6
as fluid 12. The atmosphere may then optionally be recycled
from the sink 38 to the source 32.

The combustion chamber 32 may, for example, be used to
combust hydrocarbons. It may, for example, be part of an
internal combustion engine or power plant.

The combustion chamber 32 may, for example, be an incin-
eration chamber used for the destruction of product. The
product for destruction may, for example, comprise nano-
structures. The nanostructures 14 are released 1nto the atmo-
sphere of the combustion chamber 32 as contaminants and the
trap 2 removes the nanostructure contaminants. In this
embodiment, the sink 38 may comprise filters for additional
cleaning of the fluid 16 before 1t 1s released into the Earth’s
atmosphere.

The incineration chamber 32 may be a low temperature
incineration chamber. It may operate at a temperature less
than 1300 degrees Celsius (1300 degrees Celsius guarantees
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destruction of carbon nanotubes). It may operate at a tem-
perature less than 500 degrees Celsius (500 degrees Celsius 1s
the temperature at which destruction of carbon nanotubes
begins)

It will be appreciated that the ability of the trap 2 to revers-
ibly trap nanostructures 14 allows the nanostructures 14 to be
recycled.

Although embodiments of the present invention have been
described 1n the preceding paragraphs with reference to vari-
ous examples, i1t should be appreciated that modifications to
the examples given can be made without departing from the
scope of the 1nvention as claimed.

Features described 1n the preceding description may be
used 1n combinations other than the combinations explicitly

described.

Although functions have been described with reference to
certain features, those functions may be performable by other
teatures whether described or not.

Although features have been described with reference to
certain embodiments, those features may also be present 1n
other embodiments whether described or not.

Whilst endeavoring 1n the foregoing specification to draw
attention to those features of the mvention believed to be of
particular importance 1t should be understood that the Appli-
cant claims protection 1n respect of any patentable feature or
combination of features heremnbefore referred to and/or
shown 1n the drawings whether or not particular emphasis has
been placed thereon.
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We claim:

1. A method comprising;:

recerving a fluid conveying nanostructures, the nanostruc-

tures comprising graphene;

trapping the nanostructures using iomic liquid, the 1onic

liquid comprising a room temperature 1onic liquid com-
prising an ionic salt;

recycling the nanostructures to a source of the nanostruc-

tures; and

exhausting the fluid;

wherein the nanostructures are reversibly trapped by m-m

clectron system interactions.

2. A method as claimed 1n claim 1 further comprising
recovering trapped nanostructures from the 1onic liquad.

3. A method as claimed 1n claim 1 further comprising
transporting or storing nanostructures as trapped nanostruc-
tures within the 1onic liquid.

4. A method as claimed in claim 1, further comprising
dispersing the nanostructures within the ionic liquid.

5. A method as claimed 1n claim 4, wherein dispersing the
nanostructures comprises ultrasonically dispersing the nano-
structures.

6. The method as claimed in claim 4, wherein dispersing
the nanostructures comprises chemically dispersing the nano-

structures using a dispersing agent or a dispersing additive.

7. The method as claimed 1n claim 4, wherein dispersing,
the nanostructures comprises thermodynamically dispersing,
the nanostructures using a heater.
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